The length of time that entomopathogenic fungi take to kill the target insect is one of their perceived disadvantages. Insect pathogens unlike chemical insecticides do not have a rapid impact on pest insects and need several days to kill their hosts; during this period the insects may continue feeding and cause damage to crops ([@iev033-B9], [@iev033-B7]).

The inability of mycoinsecticides to kill the insect host rapidly is one of the major factors limiting the utility of these biological control agents for control of pests including locusts and grasshoppers ([@iev033-B2]). However, infection with entomopathogenic fungi can control damage resulting from reduced food consumption ([@iev033-B17]). Therefore, reduction in food consumption by locusts infected with entomopathogenic fungi reduces the progressive damage and a locust that has stopped feeding could not be considered a significant pest ([@iev033-B13]).

*Uvarovistia zebra* (Uvarov) (Orthoptera: Tettigoniidae) is a native univoltine grasshopper, distributed on the southern slopes of the Alborz Mountains in the north of Qazvin province in Iran (36°.33′ 45.3601″ N, 50°.5° 12.0117″ E). In some years, following good conditions for population growth, they can invade and damage field crops, and rangeland grass. The nymphs of the first instar appear in early April.

These insects inhabit rangelands which must be protected as natural environments. To prevent the adverse impacts of chemical insecticides use, entomopathogenic fungi are considered as a potential alternative for control of this pest. Orthoptera constitute 10% of the insects targeted by the entomopathogenic fungal products presented by [@iev033-B20]. However, evaluations of entomopathogenic fungi for control of grasshoppers and locusts generally have focused on Acrididae (short-horned grasshopper) species.

Significant reduction of feeding by the Brown locust *Locustana pardalina*, *Schistocerca piceifrons piceifrons*, and Desert locust *Shistocerca gregaria* have been demonstrated following infection by *M. anisopliae* var *acridum* ([@iev033-B13], [@iev033-B15], [@iev033-B1], [@iev033-B10]).

Reduction of feeding by the *Rhammatocerus schistocercoides*, Variegated grasshopper *Zonocerus variegatus*, and African rice grasshopper *Hieroglyphus daganensis* infected with *Metarhiziu* *flavoviride* was observed 2--3 d after inoculation ([@iev033-B17], [@iev033-B18]; [@iev033-B8]).

Apart from locusts and grasshoppers, reduction in feeding by insects infected with the fungi *B. bassiana* and *M. anisopliae* has also been reported from other insects species such as *Leptinotarsa decemlineata*, *Megalurothrips sjostedti*, *Chilo partellus*, *Ocinara varians*, and *Liriomyza huidobrensis* ([@iev033-B7], [@iev033-B5], [@iev033-B16], [@iev033-B11], [@iev033-B12]).

In contrast, [@iev033-B3] reported that no reduction in feeding by larvae of Corn earworm *Helicoverpa zea* infected with *B. bassiana* was observed before death. Food consumption by infected insects is one of several factors, such as host mortality, which indicates the virulence of a fungal pathogen and needs to be evaluated to measure the extent of pathogenicity. ([@iev033-B6], [@iev033-B13], [@iev033-B15], [@iev033-B17], [@iev033-B4], [@iev033-B14]).

Evaluation of entomopathogenic fungi for control of grasshoppers and locusts generally have focused on Acrididae (short-horned grasshopper) species. This is the first account of these entomopathogenic fungi being used against a species from the long-horned grasshoppers. The current work was done to identify the effect of fungi on the feeding of third instar nymphs of the long-horned grasshopper, *U. zebra* by both direct (food consumption) and indirect (faecal production) investigation.

Materials and Methods
=====================

### Source of Insects and Fungal Isolates

Third instar field collected nymphs of *U. zebra* were used for the bioassay. The nymphs were collected from mountainous rangeland of the Alamout, Ghazvin, Iran. This insect is susceptible to mechanical damage and also shows cannibalistic behavior during transferring to the laboratory, particularly when many individuals were transferred together in a confined space. In order to minimize this, a smaller numbers of locusts (4--7) were placed into plastic bags and the bags were then placed on ice. The low temperature helped decrease insect activity and in this way, locusts were transferred to the laboratory unharmed.

The insects were kept in groups of 15 in aluminum cages (45 by 38 by 38 cm, H by L by W) with wire No. 20 mesh sides and placed in the laboratory. They were fed fresh lettuce for 5 d in order to acclimate to a lettuce diet and laboratory conditions before beginning the experiments. The isolates *B. bassiana* DEBI 001, and *M. anisopliae* 715 C, obtained from the Iranian "Plant Pests and Diseases Research Institute" were used in the experiments.

### Culturing of the Fungi

Both isolates were maintained on standard potato dextrose agar (PDA) (Merck). Spores were harvested from 14 to 18-d-old surface culture for each fungus by scraping and suspending the incoculum in 1 liter liquid medium potato-dextrose-broth (PDB) which had been autoclaved for 20 min at a temperature of 121°C and pressure of one atmosphere. The inoculated solution was shaken (110 rotations a minute) for 5 d at 25°C to produce conidia. The suspensions were stirred and filtered through a single layer of linen to remove culture debris and mycelia. After this time the conidia concentrations were determined using a haemocytometer and were calibrated to 5 × 10^6^ spore/ml for each fungus. These suspensions represented the primary stock suspensions of conidia. Four different spore concentrations (5 × 10^3^, 5 × 10^4^, 5 × 10^5^, 5 × 10^6^ spore/ml) were then diluted from the primary stock suspensions.

### Bioassay and Experimental Methods

The experiments were arranged as a completely randomized design with five treatments (four conidial concentrations 5 × 10^3^, 5 × 10^4^, 5 × 10^5^, 5 × 10^6^ spores/ml and untreated control treatment of only water). Each treatment involved forty-five third instar nymphs of the locust divided in three replicates (three cages). The experiments were performed under laboratory conditions at 25--30°C with 75--80% relative humidity.

The conidial suspensions and control (distilled water) treatments were sprayed on the insects using a hand held sprayer with a flow rate of 70 ml/min adjusted by appropriate nozzles ([@iev033-B21]). The sprayer was calibrated so that 160 ml of each suspension was used for three replicates (45 insects). Each insect was directly and individually sprayed with ∼3.5 ml of the appropriate concentration. After 15 min the treated insects were transferred to the cages. Control groups received the same rate of water without conidia. The insects in each replicate were fed on lettuce (35 g every 48 h).

Feeding was assessed by measuring food consumption and monitoring faecal production.

At the beginning of the experiment, a sample of lettuce was dried to determine its dry weight percentage. For this purpose, some different parts of mature and young leaf (20 g) of the lettuce were broken into small pieces and mixed with each other. Fresh weight (7 g) from the mixed lettuce was taken and placed into an oven (95°C) for ∼17 h (the sample was left in the oven until it reached a constant weight). Food consumption of insects for a 48 h period was measured before the insects were inoculated. Afterwards, every 48 h the uneaten lettuce from each cage was replaced with fresh lettuce and dried at 95°C until it reached a constant weight to get the dry weight percentage of the uneaten lettuce. The faeces produced from each cage were also collected every 48 h and dried as described earlier.

Mortality caused by each treatment was recorded every 48 h for 12 d. The data obtained were analyzed by analysis of variance (ANOVA). Multiple comparisons were used to determine significant differences between means of infected and control locusts at *P* \< 0.05 (Tukey test), while comparisons between the two fungi were made using the *t*-test.

Results
=======

Food consumption, and faecal production by the insects treated with different concentrations of the fungi were analyzed. In both *B. bassiana* and *M. anisopliae*, the greatest reduction in feeding was observed by insects infected with the highest spore concentration (5 × 10^6^ spores/ml) ([Table 1](#iev033-T1){ref-type="table"}). Reduction in feeding of the infected insects started 2 d after treatment, but a significant reduction in feeding was not observed until 3--4 d after treatment ([Fig. 1](#iev033-F1){ref-type="fig"}). A significant reduction of food consumption \[*F*~(4,\ 10)~ = 16.22, *P* \< 0.05\] and faeces production \[*F*~(4,\ 10)~ = 14.57, *P* \< 0.05\] were observed between the insects treated with the highest concentration (5 × 10^6^ spores/ml) of *B. bassiana*, and other concentrations. Significant differences in feeding \[*F*~(4,\ 10)~ = 52.65, *P* \< 0.05\] between insects treated with the highest concentration of *M. anisopliae* and other concentrations were observed. Faeces production is also reduced when the insects were treated with *M. anisopliae*, but a significant difference \[*F*~(4,\ 10)~ = 32.52, *P* \< 0.05\] was observed between the highest concentration, and three other concentrations as shown in [Table 1](#iev033-T1){ref-type="table"}. Non significant differences in reduction of food consumption \[t~(4)~ = 1.75, *P* = 0.1541\], faeces production \[*t*~(4)~ = 0.93, *P* = 0.4044\], and mortality \[*t*~(4)~ = 0.70, *P* = 0.5185\] were observed between *B. bassiana* and *M. anisopliae* at concentration of 5 × 10^6^ spores/ml. Fig. 1.Mean (± SE) food consumption/insect (*n* = 45 nymphs within three replicates) by insects treated with 5 × 10^6^ spores/ml of *Beauveria bassiana* and *Metarhizium anisopliae*. Mean followed by the same letter not significantly different. Table 1.Mean food consumption and faeces production (mg dry weight) measured every 48 h over 12 d, by third instar *Uvarovistia zebra* treated with different concentrations of *Beauveria bassiana* and *Metarhizium AnisopliaeB. bassianaM. anisopliae*Treatment (spores/ml)Food/insect (mg dry weight) Means ± SEFaeces/insect (mg dry weight) Means ± SEFood/insect (mg dry weight) Means ± SEFaeces/insect (mg dry weight) Means ± SEControl83.41 ± 5.71^ab^71.73 ± 4.02^d^80.47 ± 2.74^a^63.56 ± 2.88^d^5 × 10^3^87.57 ± 3.95^a^68.82 ± 6.55^d^70.14 ± 0.86^a^52.58 ± 3.01^d^5 × 10^4^59.36 ± 5.53^b^47.78 ± 4.68^d^46.03 ± 4.92^b^34.76 ± 3.34^e^5 × 10^5^69.04 ± 8.08^ab^55.40 ± 6.68^d^57.30 ± 2.02^b^30.73 ± 4.20^ef^5 × 10^6^33.09 ± 1.56^c^22.32 ± 3.04^e^29.99 ± 0.82^c^19.15 ± 1.52^f^[^2]

In comparison with control insects, the insects treated with 5 × 10^6^ spores/ml of *B. bassiana* and *M. anisopliae* showed 60 and 63% reduction in mean food/insect, respectively.

However, there was nonsignificant difference between food consumption in the control and treatment with lowest concentration (5 × 10^3^ spores/ml) of both fungi was observed.

Mean food consumption (every 48 h) by insects treated with the highest concentration (5 × 10^6^ spores/ml) is shown in [Fig. 1](#iev033-F1){ref-type="fig"}. The maximum feeding reductions by insects were observed at 6--8 d after treatment when they were treated with *M. anisopliae* and *B. bassiana*, respectively. Also, in comparison with the first 48 h, after 8 d the mean food consumption by insects was reduced by 52 and 56% at 8 days after treatment using *B. bassiana* and *M. anisopliae*, respectively.

[Table 2](#iev033-T2){ref-type="table"} shows the percent mortality recorded every 48 h. The maximum mortality by insects infected with the concentration 5 × 10^6^ spores/ml of *B. bassiana* and *M. anisopliae* were recorded at day 8 and 12, respectively. The results showed that the cumulative percent mortality of the locust treated with 5 × 10^6^ spores/ml of *B. bassiana* and *M. anisopliae* reached 58 and 56%, respectively. Significant differences in mortality were found between the highest concentration (5 × 10^6^ spores/ml) and the other treatments of each fungus \[*B. bassiana*: *F*~(4,\ 10)~ = 129.80, *P* \< 0.05; *M. anisopliae*: *F*~(4,\ 10)~ = 108.00, *P* \< 0.05\] ([Table 3](#iev033-T3){ref-type="table"}). Table 2.Percent mortality of insects treated with highest concentration (5 × 10^6^ spores/ml) recorded every 48 h after treatment.Percent mortality (every 48 h) of insects treated with 5 × 10^6^ spores/mlDays*N*1*N*2*B. bassianaN*1*N*2*M. anisopliae*245450^a^45450^a^445426.66^ab^45442.22^a^642396.66^ab^44424.44^a^8393020.00 ^c^423613.33^b^10302315.55^bc^363013.33^b^1223198.88^ab^302022.22^c^Cm57.7%55.5%[^3] Table 3.Mean mortality caused by each fungal concentration at the end of experiment*B. bassianaM. anisopliae*Treatment (spores/ml)Mean mortalityMean mortalityControl0^a^0.33^a^5 × 10^3^1.33^ab^1.67^a^5 × 10^4^2.00^b^1.67^a^5 × 10^5^7.00^c^6.33^b^5 × 10^6^8.67^d^8.33^c^[^4]

Discussion
==========

Entomopathogenci fungi-like *B. bassiana* and *M. anisopliae* unlike chemical insecticides do not have a speedy effect, while the reduction in food consumption and activity due to the application of fungi by the locusts can be considered as an advantage in pest control.

In this study, a large volume of spore suspensions were sprayed to the grasshoppers; however, this volume of spray was not needed for the bioassays. The bioassays could be done using very low volume of spore suspension pipetted beneath the dorsal pronotum ([@iev033-B19]) or immersion bioassay method which insects are immersed into the spore suspension. However, the spray method using high volume of spore suspensions were used to assay the isolates because (1) this was the first time that the efficacy of entomopathogenic fungi had been evaluated on a long-horned grasshopper, so it was necessary to ensure that the sufficient fungal spores have been received by insects (2) as this study will be continued in the field conditions, spraying bioassay method is similar to the use of fungi when they will be subsequently sprayed against the grasshoppers in the field.

The present study showed that a reduction of feeding in nymphs of *U. zebra* infected with the highest concentration (5 × 10^6^ spores/ml) started 2 d after inoculation ([Table 1](#iev033-T1){ref-type="table"}), but a significant reduction in feeding comparing the same conidial concentration with control was observed 3--4 d after treatment for both fungi. The results obtained from the present study

showed a significant feeding reduction by insects 3 d after treatment, it agrees with

findings by [@iev033-B13] and [@iev033-B10] demonstrating a significant reduction in the *S.gregaria* and *S.piceifrons piceifrons* feeding 3 d after application of *M. anisopliae* var *acridum*, respectively.

Significant mortality in locusts was observed 6 and 8 d after infection with *B. bassiana* and *M. anisopliae*, respectively. It demonstrates that food consumption of third instar nymphs of *U. zebra* infected with *B. bassiana* and *M.* *anisopliae* was reduced before dying caused by the fungi.

Nonstatistical difference was observed in mortality of insects treated with the fungi at the same concentration (5 × 10^6^ spores/ml), but *B. bassiana* caused more mortality than *M. anisopliae*. In contrast, at the same concentration, reduction in feeding by the insects treated with *M. anisopliae* was more than those treated with *B. bassiana*, but again with no statistical difference.

The treatments containing less than 5 × 10^6^ spores/ml did not have a notable effect on the food consumption by the insects. Reduction in feeding due to fungal infection may affect body fat accumulation at sexual maturity and consequently reproductive potential of infected, but surviving insects. Effect of infection by *B. bassiana* and *M. anisopliae* on the oviposition

of locust and other insect hosts have been investigated in some studies ([@iev033-B1], [@iev033-B14], [@iev033-B12]). Accordingly, reduction in feeding of infected insects can affect their population density in the next generation.

In conclusion, reduction in feeding can be observed in *U. zebra* infected by the fungi; consequently, the insect damage decrease. However, in the case of very high population, reduction of food consumption resulting by the fungi may not be consequent to reduce the damage caused by locusts.

Achieving high population of the grasshopper *R.schistocercoides*, the reduction of food following application of *M. flavoviride* would not be sufficient to prevent economic damage ([@iev033-B8]).

[^1]: **Subject Editor**: Jurgen Ziesmann

[^2]: Mean followed by a different letter is significantly different. For each fungus: *N* = 90 (number of samples), *n* = 15 (number of insects in each replicate).

[^3]: *N*1 = number of surviving insects at the beginning of the 48 h period. *N*2 = number of surviving insects at the end of that 48 h period. *Cm* = cumulative mortality. Mean followed by a different letter is significantly different.

[^4]: *N* = 45 insects within three replicates for each treatment.
